I ntracranial hypertension is rarely associated with peripheral hemodialysis shunts, presumably in association with central venous stenosis. 1, 2 Hemodialysis Reliable Outflow (HeRO) grafts (CryoLife, Inc., Kennesaw, GA) are designed to bypass preexisting central venous stenosis by connecting the brachial artery with the venous circulation through the ipsilateral internal jugular vein (IJV) (figure, C and D). 3 We report a case of intracranial hypertension immediately after placement of a HeRO graft, review similar cases in the medical literature, and discuss possible pathophysiology.
Case report
A 60-year-old woman with a nonfunctioning right arm hemodialysis arteriovenous (AV) shunt developed blurred vision, headaches, and optic disc edema 3 days after placement of a left HeRO graft. She had a history of proliferative diabetic retinopathy treated with laser and surgery with a poor visual outcome in the left eye and relatively good vision (20/50) in the right eye. She had a history of stent placement in the proximal right subclavian vein for central venous stenosis.
At presentation, body mass index was 43.5 kg/m 2 and blood pressure was 178/80 mm Hg. Blood urea nitrogen was 20 mg/dL. Visual acuity was unchanged from baseline: 20/50 in the right eye and count fingers at 1 foot in the left eye. Color vision was 5/14 color plates correct in the right eye, decreased from her baseline. There was a left relative afferent pupillary defect related to her previous failed left eye surgeries. Extraocular movements were full. There was severe optic disc edema with peripapillary hemorrhages, suggesting papilledema from raised intracranial pressure in the right eye (figure, A). The left ocular fundus could not be visualized secondary to previous surgeries. There was severe constriction of the right eye visual field on Goldmann visual field testing, consistent with severe papilledema. MRI and magnetic resonance venography of the head and neck demonstrated right optic disc elevation, a partially empty sella, dilated optic nerve sheaths, and bilateral distal transverse sinus stenosis without venous sinus thrombosis, suggesting intracranial hypertension. A lumbar puncture in the prone position under fluoroscopy demonstrated an opening pressure of 38 cm of water with normal CSF contents. We suspected increased central venous pressure, presumably from superior vena cava syndrome related to impaired venous return in the chest. Venography was attempted, but the guide wire could not be passed into either IJV. A right subclavian vein stent with 60%-70% midstent stenosis was found overlying the ostium
Practical Implications
Peripheral hemodialysis grafts may precipitate intracranial hypertension, particularly in patients with central venous stenosis, and should prompt consideration of central venous imaging. Patients may be treated by graft ligation, venoplasty 6 stent placement, or CSF diversion. 
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DISCUSSION
A review of the English literature yielded at least 12 cases of presumed intracranial hypertension from central venous stenosis and hemodialysis AV shunts, none involving a HeRO graft (table). All cases involved brachiocephalic vein stenosis or occlusion (10 of 12) or IJV occlusion (2 of 12). All were treated with shunt ligation with or without venoplasty and Neurology.org/cp 1 of 12 was additionally treated with a lumboperitoneal shunt, with resolution of intracranial hypertension in 11 of 12 cases (complete resolution in 10 and partial in 1). One case progressed to superior sagittal sinus thrombosis, cerebral infarction, and death. 2 Intracranial hypertension is a rare complication of hemodialysis graft placement, and a recently proposed "2 hit" hypothesis suggests that both high venous flow and venous obstruction are required risk factors, which presumably overwhelm intracranial venous outflow channels leading to elevated intracranial venous pressure, increased resistance to CSF drainage, and intracranial hypertension. 1, 2 The incidence of unsuspected central venous stenosis in patients with functioning AV hemodialysis grafts is approximately 29%, but surprisingly only a small number of cases of intracranial hypertension associated with central venous stenosis and an AV hemodialysis shunt have been described. 2, [5] [6] [7] [8] Furthermore, intracranial hypertension has not been reported in association with HeRO grafts, despite increasing venous flow specifically in patients with central venous stenosis, suggesting the contribution of additional factors to the pathogenesis of hemodialysis graft-induced intracranial hypertension. Although usually treated by graft ligation or venoplasty with or without a stent, CSF shunting without graft ligation is also a treatment option in patients with isolated intracranial hypertension whose venous anatomy is seriously compromised. Venous imaging of chest/neck veins in hemodialysis patients with unexplained intracranial hypertension may expedite diagnosis and appropriate treatment and should be considered in cases with previous AV shunts. 
